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Project description

We propose to develop new machine learning methods to significantly improve
structural biology approaches to decypher the basic building blocks of life. Over several decades, structural biology, in particular X-ray crystallography and cryo-Electron
Microscopy, has brought us probably the most detailed picture of the nanoscale
constituents of living systems. However, it is still difficult and involves an enourmous amount of human labour to get high-resolution structures of biomolecules
with these methods. Here we want to exploit recent breakthroughs in deep machine learning [5] and build on them to develop specific machine learning methods
that help obtaining high-resolution structures of biomolecules. The project will be
hosted by the labs of Frank Noé (FU Berlin) who has specialized on statistical and
machine learning methods for molecular systems, including deep learning methods
[6, 9], recurrent [10] and generative neural nets [11]; as well as Oliver Daumke
(MDC) who is an expert for structural biology [1, 7].
The proposed project area actually consists of two specific projects, the choice depends on the candidate and their skills and preferences. In both projects the task is
to develop novel machine learning methods that are scalable and achieve statistical
optimality in a suitable ensemble. The mathematical formulation of physical and
physico-chemical constraints in a deep learning framework (e.g. suitable convolutions to represent certain symmetry groups) is one of the challenges, as well as the
implementation of the methods in efficient and publicly available software.
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